The apple AFL (Apple FLORICAULA LEAFY) 1 and 2 gene promoter linked β-glucuronidase (GUS) clearly displayed staining at the meristems of the shoot apexes, lateral axils, and leaf primordia in apple trees. The GUS staining of AFL1 promoter revealed that the AFL1 gene was also expressed at a vegetative meristem, and the staining patterns of AFL2 promoter were almost the same in the culture shoots and two-year-old trees. Quantitative RT-PCR analysis also showed that both genes were expressed at floral buds, where the expression of each was higher than the vegetative expression individually and increased with floral developments. These results showed the similarity in the expression patterns of the two AFL genes, and this expression was not affected by the vegetative growth condition, but was regulated at floral development. In situ hybridization of AFL genes supported the results of the GUS staining. The specific probe of each AFL gene showed almost the same expression pattern at the meristem of shoot apexes, lateral axils, and leaf primordia from the seedling, culture shoots, and watersprouts. These results indicated that the promoter GUS analysis and the in situ hybridization can be combined for the analysis of AFL gene expression. The cooperative usage of the GUS analysis and in situ hybridization suggested that they are powerful tools for apple promoter analysis.
Introduction
The induction of foreign DNA into plants via Agrobacterium transformation is popular at present. Constitutive and non-specific promoters such as Cauliflower Mosaic Virus (CaMV) 35S have been widely used as experimental tools to study the effects of transgenes in many plants. The genes under the promoter are expressed abundantly in whole tissues at all developmental stage, the shortcomings of the 35S promoter are that it is not able to regulate the expression temporally or spatially. Promoters with tissue and developmental specificity are desirable for the design of genetically modified plants. The control of such expression could avoid the accumulation of transgene products in edible tissues of plants. It is thus very important for researchers in the fields of agriculture and horticulture to achieve promoter regulation. To date, the promoters from fruit trees, specifically apple (Gittins et al., 2000; Pühringer et al., 2000) , peach (Bassett et al., 2007) , and citrus (Nishikawa et al., 2008) promoters, have been studied. But this research is still in its infancy; the information on fruit tree promoters is still insufficient for practical use. We have studied the apple FLORICAULA/LEAFY flowering genes, AFL1 and AFL2 (Wada et al., 2002) . The AFL genes have traits in common with the Arabidopsis thaliana LEAFY (LFY) and snapdragon, Antirrhinum majus, FLORICAULA (FLO) as the floral meristem identity gene (Coen et al., 1990; Wada et al., 2002; Weigel et al., 1992) . The homologues from other herbaceous plants (Bomblies et al., 2003; Hofer et al., 1997; Kelly et al., 1995; MolineroRosales et al., 1999) , woody plants (Mouradov et al., 1998; Rottman et al., 2000) and fruit trees (Carmona et al., 2002; Esumi et al., 2007; Esumi et al., 2008; Walton et al., 2001; Yu et al., 2005) are thought to be involved in the flowering events in a similar manner. The expression of AFL1 and AFL2 in Arabidopsis promotes flowering. AFL1 is only expressed at the flowering stage, while AFL2 is expressed at both the flowering and vegetative stages (Wada et al., 2002) . These results support the idea that the function of each AFL gene is different. To clarify these roles, we have isolated the 5' upstream region of both AFL genes and found that the two 5' upstream regions (approximately 2.3 kb from the AFL1 and 2.4 kb from the AFL2) were linked. We used β-glucuronidase (GUS) to analyze the regulation of the expression of each AFL gene. Promoter GUS induced Arabidopsis plants showed distinct staining of developmental flowers. This result suggested that these promoters were useful for determining tissue specific expression in other plants, because it appeared that AFL2 promoter had a specific domain for floral tissues. On the other hand, the promoter length sufficient for specific expression has not been clarified in apples. In this study, we tried to clarify the expression regulation of the AFL genes in vegetative tissues, because AFL2 is expressed on the vegetative shoot meristem (Wada et al., 2002) , and because it takes a long time for transgenic plants to bloom, so understanding expression regulation may provide some clues about why this is the case. We designed a comparison of vegetative shoots from distinct growth stages by GUS staining and in situ hybridization in apples to ascertain whether the two approaches complement each other.
Materials and Methods

Apple strain
An apple semi-dwarfing root stock cultivar, 'JM2', was used in this transformation experiment. The parents were Malus prunifolia (Willd.) Borkh. 'Seishi' and Malus pumila Mill. var. paradisiaca Schneid. 'M. 9' (Soejima et al., 2000) .
Apple shoot culture and transformation
The transformation was performed according to the method described previously (Kotoda et al., 2006) , with slight modifications. The Agrobacterium tumifaciens strain LBA4404 bearing vectors pSMAFL1p2 and pSMAFL2p2 was used for the experiment. The phytohormones used with Murashige and Skoog (MS) medium for soaking the excised leaves from 'JM2' were 1 mg·L indole-3-butyric acid (IBA) instead of thidiazuron (TDZ) and naphthaleneacetic acid (NAA). The Agrobacterium solution in MS medium (without acetosyringone; AS) was mixed with the excised leaves, and the mixture was treated in ultrasonic waves for 10 sec, followed by maintenance in a clean bench for 15 min. The co-culture continued on N6 medium containing 5 mg·L NAA, 20 μM (AS) and 3% sucrose (pH 5.7) solidified with 0.65% Bactoagar for 1 week at 22°C in the dark (Fasolo et al., 1989) . After growing leaves were cut, the explants were cultured on shoot induction MS medium containing 1 mg·L 
GUS assay in apples
The transformed shoots were induced with roots and planted in sterile soil in plastic pots. After acclimatization, the transformants were moved to closed greenhouses and grown for two years. For GUS activity detection, the transformed culture shoots, non-transformed shoots, and shoots tips from the two-year-old trees were selected and cut to a length of 2.0 to 5.0 cm. The shoots and shoot tips were incubated in staining solution (Tanaka et al., 2007; Wada et al., 2007) . The three to six pSMAFL2p2 transformants from each fifth line were stained and all showed GUS activity. On the other hand, only one line from four lines of pSMAFL1p2 showed the staining (Table 1) . Some stained shoots were observed and photographed with the Pixera Pro600ES digital CCD camera system (Pixera Corporation, Kanagawa, Japan). To make slices of stained shoots, we used a microslicer DTK-300W (Dosaka EM Co. Ltd., Kyoto, Japan). The shoots were embedded in 5.0% Bacto-agar and automatically cut to a thickness of 25 to 30 μm, and the sections were photographed with a microscope.
Southern analysis
Genomic DNA (5 μg) samples from respective transformant lines were digested with XbaI or SacI. Samples were electrophoresed and blotted onto nylon membrane according to the method described previously . The DIG-labeled GUS probe was hybridized with the nylon membrane at 42°C. Washing was done at 68°C for 15 min in 0.1 × SSC containing 0.1% (w/v) SDS twice. The copy number was estimated by the resulting images from chemiluminescent signals.
In situ hybridization
RNA probes, labeled with digoxigenin (Roche Diagnostics GmbH Mannheim, Germany), were prepared from the 3' non-coding region of each AFL cDNA. The AFL1 specific probe was the 240 bp fragment between 5' ACAAAACGCTTCTGCGGAGG 3' and 5' CCCTGTCGCACAAATGTGTT 3', and the AFL2 specific probe was the 150 bp fragment between 5' CCT ATTGAGCAAACTTTATGCGC 3' and 5' GGATCCT GTTATGATCTACTAT 3'. These fragments were cloned into the pBluescript SK (+), and single strand sense or antisense RNA probes were synthesized after linearization with a restriction enzyme. Apical tips (approximately 5.0 mm length) from the vegetative growth shoots of a trunk of a 30-year-old 'Fuji' apple tree, cut in April and November, seedling grown approximately 2 to 3 month ('Ralls Janet' × 'Delicious') and culture shoots of 'JM2' were harvested and fixed with FAA solution (1.48% (v/v) formaldehyde, 5% (v/ v) acetic acid, 50% (v/v) ethanol and 0.1% (w/v) Tween 20) in a decompression chamber for 30 min. The fixed tips were dehydrated with ethanol series and then penetrated with Lemosol (Wako Pure Chemicals, Osaka, Japan) series. They were then embedded with Paraplast Plus (Sigma-Aldrich, Inc., St. Louis, USA). The Paraplast blocks were trimmed with a microtome to make slices 10 μm thick. In situ hybridization was performed according to a published protocol (Sung et al., 1999) with minor modifications. We used Lemosol instead of xylene for dewaxing the sections. After the slides were hydrated, they were incubated with proteinase K solution (100 mM Tris-HCl (pH 7.5), 50 mM EDTA, and 10 μg·L RNase inhibitor) at 40°C for 16 h. The slides were then washed with 2 × SSC at 50°C for 60 min and incubated with NTE buffer (0.5 M NaCl, 1 mM EDTA, and 10 mM Tris-HCl (pH 7.5)) containing 20 μg·L −1 RNase A at 37°C for 30 min. After RNase treatment, the slides were washed with 2 × SSC at 50°C for 1 h. For detection of hybridization signals, the sections were incubated in a color development solution (10% polyvinyl alcohol (M.W. 70,000), 0.1 M NaCl, 50 mM MgCl 2 , 0.43 mM 5-bromo-4-chloro-3-indolylphosphate, 0.45 mM nitroblue tetrazolium, and 0.1 M Tris-HCl (pH 9.5)) at 28°C for 12 to 18 h. The resultant slides were washed with distilled water and dehydrated with ethanol and mounted with Entellan New (Merck KGaA, Darmstadt, Germany).
Quantitative real-time RT-PCR
The RNA extraction method was described in a previous paper (Wada et al., 2002) . The samples were the same apical tips as were used for in situ hybridization and the tips of floral buds (harvested from July to August), and seedlings from 'Jonathan' were used as vegetative organs. First strand cDNA was synthesized from 1 μg RNA with random primers using a RT-PCR HIGH kit (Toyobo, Tokyo, Japan) as directed by the manufacturer. Quantitative real-time RT-PCR was performed on 1 μg of the synthesized cDNA with the addition of both primers with the Power SYBR Green Master mix (Applied Biosystems Japan, Inc. Tokyo, Japan) in a 7300 Real-Time PCR system (Applied Biosystems Japan). Specific primers were designed at the 3' non-coding region with the help of Primer Express ® ver. 3.0 software (Applied Biosystems Japan). The primers for AFL1 were between 5' TATAACTTA CAAAACGCTTCTG 3' and 5' GCCTTACTAGTACA CATATAAG 3', and between 5' GAGAGAGTTTGAG CAAACTAA 3' and 5' AGTAGATCATAACAGGAT CC 3' for AFL2. To measure transcript levels in different tissues, we normalized the AFL gene signals against the apple ubiquitin (MdUBQ) according to the method described previously (Takos et al., 2006) . The PCR program consisted of a first step of denaturation and Taq activation at 95°C for 10 min, followed by 40 cycles of 95°C for 15 s and 60°C for 1 min. To determine the specificity of the PCR, we subjected the amplified products to melt curve analysis using the machine's standard method. All PCR reactions were ascertained to specific amplification. The plasmid inserted into each gene was serially diluted to establish template standards. After the reaction, the dilution series of standards showed a linear change in cycle threshold value and the cDNA templates were calculated by comparing their cycle threshold value with the standard set by the machine. Then the quantified values of AFL genes divided by the quantified values of the MdUBQ on the same sample were calculated and revised by the coefficient of variations of each value. After normalizing the means and standard deviations, we calculated the relative values using the value of the seedling shoot apex as a base.
Results
Apple transformation
The apple root stock 'JM2' was successfully transformed by the Agrobacterium method. The number of cut leaflets after one week of soaking with Agrobacterium was 576 pieces in the case of pSMAFL2p2. Eighteen GUS active transformants were finally obtained. In the case of pSMAFL1p2, 300 pieces of cut leaflets were obtained and there were 7 GUS active transformants. The transformation ratio was 3.1% in pSMAFL2p2 and 2.3% in pSMAFL1p2.
GUS analysis
Culture shoots transformed by each vector were grown on agar based medium in plastic boxes. Their growth was healthy and vigorous under antibiotic KM (50 mg·L −1 ). After staining treatment to reveal GUS activity, both the pSMAFL1p2 and pSMAFL2p2 transformed shoots showed high expressions specifically in the meristem of the apexes (Fig. 1A, B) . The plants with pSMAFL2p2 were expressed strongly and broadly on the apex. The arrows in Fig. 1A show that pSMAFL2p2 was also expressed at the lateral axils. On the other hand, pSMAFL1p2 also showed faint expression at a similar position on the lateral axil (Fig. 1D, arrow) . The magnification of these shoot apexes (Fig. 1C, D) showed that the expressed tissues were meristem and leaf primordia. The longitudinal section of the pSMAFL2p2 transformed shoot tip clearly showed that the GUS activity was stronger at the younger leaf primordium (Fig. 1E, arrowhead) . Two-year-old tree grew vigorously, and their heights were around 1.0-1.5 m in small plastic pots. We chose young soft shoots of pSMAFL2p2 without much lignification. However, shoot tips with high lignification also showed GUS activity (data not shown). It was very difficult to make sections from them using a microtome. To enable clear observation, we used defoliated shoots, which revealed that the GUS expression was specified at the meristem and leaf primordia ( Fig. 2A, B, C) . The longitudinal sections of the shoots showed that GUS expressions were also localized at the apexes and leaf primordia (Fig. 2B) . The lateral axillary buds also appeared to be stained at the meristem and leaf primordia (Fig. 2C) . These results demonstrated that the expressed tissues of pSMAFL2p2 GUS from two-year-old trees were almost the same as those tissues from cultured shoots.
In situ hybridization
To verify our analysis, we observed the spatial expression patterns of AFL1 and AFL2 in situ hybridization (Fig. 3) . The watersprouts (November), culture shoots and two to three month-old seedlings were chosen as the vegetative growing shoots. The watersprouts showed that both AFL1 and AFL2 antisense probes hybridized at the shoot apexes and leaf primordia (Fig. 3A, C) . Each consecutive section was used as a control with a sense probe (Fig. 3B, D) . The AFL1 hybridization appeared stronger and a little broader than that of AFL2. In the case of young seedlings, in situ localization of both AFL mRNA was strongly seen at the leaf primordia. The AFL1 antisense probe hybridized at the shoot apical meristem (Fig. 3E) , which seemed to be localized at the tunica. AFL2 mRNA was detected in the same tissue, but the hybridization was weak (Fig. 3G) . However, as in the GUS analysis, AFL2 expression on a lateral axillary bud was also observed (Fig. 3G, arrow) . Each consecutive section was used as a control with a sense probe (Fig. 3F, H) . The culture shoots of JM2 showed both AFL1 and AFL2 antisense probe localized at the meristem and leaf primordia, the same as occurred in the watersprouts, but both instances of hybridization seemed weaker than that in the watersprouts (Fig. 3I, K) . Each consecutive section was used as a control with a sense probe (Fig. 3J, L) . To examine the cross-hybridization by using each probe, we mixed AFL1 DIG-labeled probe with ten times concentration of non labeled AFL2 probe and performed in situ hybridization. The hybridization was not disturbed at all. The same result occurred with another combination (AFL2 DIG and 10 times AFL1 non labeled probe). This demonstrated that the hybridized tissues with each AFL probe were specific. These results indicated that the GUS active tissues were almost the same as the active tissues in the in situ localized tissues. 
Quantitative analysis of the AFL gene
The quantitative RT-PCR on AFL gene expression was performed (Fig. 4) . July to August is the transition period during which vegetative buds differentiate into floral buds without morphological changes (Wada et al., 2002) . We found that AFL1 started to be expressed at the beginning of July. The quantitative analysis also indicated that AFL1 and 2 expressions had increased more than four to five folds by August. This result was consistent with the idea that AFL genes participate in floral differentiation of apples in the same way LFY and FLO act. On the other hand, both AFL1 and 2 were expressed at vegetative tissues (watersprouts, seedling shoot apexes, stems, and roots), but their expression levels in vegetative tissues were much lower than that in floral buds. The AFL1 level in seedling apexes was less than one tenth of the level in floral buds. Watersprouts in both April and November showed almost the same expression level.
Discussion
We have successfully obtained AFL promoter GUS linked 'JM2' transformants. The transformants were from adventitious shoots on excised leaves and propagated with antibiotics. Unlike model plants, for example Arabidopsis, the transformants had not been self-fertilized nor had they been checked to determine whether they were composed of chimeric cells. We previously tried to obtain transformants with the GFP or MYB gene to 'JM2' (Ban et al., 2007) . The obtained transformants sometimes showed chimeric expression patterns of the introduced genes, but these plants died quickly under a high concentration of 50 mg·L −1 KM. The remaining transformants expressed the transgene signals in the whole plant. The 'JM2' transformants used in the present study were selected on a high concentration antibiotic, so the transformants were considered nonchimeric. The transgene locus copy number of individual AFL1p2 and AFL2p2 transformants was estimated from a Southern blot of Xba I or Sac I digested genomic DNA (data not shown). The GUS gene probe was used to determine the copy number. Table 1 showed that the three lines of AFL2p2 had a single copy and strong GUS activity, while only one line of AFL1p2 showed GUS activity and there were at least three copies. The other two lines of AFL1p2 with a single copy had little GUS activity. These results suggested that the AFL1 promoter is expressed at a much lower level than AFL2. The difference between the AFL1 and AFL2 expression levels was also supported by RT-PCR (Kotoda and Wada, 2005; Wada et al., 2002) . The GUS expression analysis of the AFL1 and AFL2 in 'JM2' revealed that the expressions were localized at the meristems of shoot apexes and lateral axils (Fig. 1) . However, the longitudinal section of the shoot apexes demonstrated that the expression was much higher at the leaf primordia (Fig. 1E) . Two-year-old apple trees showed an equal GUS expression pattern of the AFL2 to that of the culture shoots (Fig. 2) . This means that the regulation of the AFL2 promoter was not changed under the growth conditions tested. The GUS analysis of transformed apple suggested that the expression of the two AFL genes was not a qualitative difference, but rather a quantitative one. On the other hand, we struggled to use another approach to reveal the expression patterns of the AFL genes. The in situ hybridization analysis of the AFL1 displayed stronger staining than the AFL2 expression at the vegetative meristem and leaf primordia (Fig. 3) . However, each AFL probe for in situ hybridization had a different length, and was designed at its respective 3' non-coding region. Thus, the sensitivity of the AFL1 probe happened to be stronger than that of the AFL2 probe. The expression strength between AFL1 and AFL2 could not be compared based on their staining strength in the in situ hybridization. In this case, each AFL gene could be assessed individually, and their expression could be compared temporally and spatially. Their expressions at the vegetative meristems ( Fig. 3 ; watersprouts (A-D), seedling apexes (E-H), and culture shoots (I-L)) were almost identical to their expression in the GUS analysis. But, the hybridization signals of the seedlings differed slightly. The AFL1 was expressed at the meristem (the restricted area "tunica") and the leaf primordia, while AFL2 was just expressed at the leaf primordia. These results suggested that the AFL genes play various roles in the initial leaf morphogenesis and vegetative growth. The quantitative analysis by RT-PCR supported the functional diversity of the AFL genes (Fig. 4) . The AFL1 expression was induced over ten times as strongly at flower developing. This result was consistent those reported previously (Kotoda and Wada, 2005; Wada et al., 2002) . AFL2 was also induced in the reproductive stage, but the induction ratio was smaller than that of AFL1. The expression pattern was somewhat stronger at the vegetative meristem. The LFY and FLO genes were initially characterized as key genes for the transition from the vegetative to the reproductive stage at the inflorescent meristem. In addition to this function, the FLO and NFL (tobacco LFY/FLO homolog) genes are expressed at the vegetative meristem and have been shown to work in phyllotaxy and lateral branching (Ahearn et al., 2001; Carpenter et al., 1995) . The AFL genes seemed to share various roles of other LFY orthologues. The Mal d1 protein (major apple allergen) encoded with the Ypr 10 gene could be induced in young leaves by various stress factors or pathogens such as viral infection and fungal elicitors (Pühringer et al., 2000) . The promoter region of Ypr 10 linked GUS showed high GUS activity induced by the stress factors or pathogens. This promoter is available to protect efficiently from the invasion of pathogens. The heterologous promoter rolC from Agrobacterium tumefaciens Ri plasmid can localize the expression in vascular tissues, particularly the phloem in apples (Gittins et al., 2003) . The AFL promoters showed localized expression at the meristem of vegetative shoot apexes and leaf primordia. The expression strength between the AFL1 and AFL2 was distinct, but expression tissues were almost the same. The AFL promoters could adjust the expression strength at the vegetative meristem and leaf primordia, and the control of plant growth could be designed by AFL promoter linked plant hormone synthetic or catabolic genes. For example, the reduction of gibberellic acid in the meristem possibly results in a dwarf tree. The excess synthesis of cytokinin at the meristem possibly results in the branching of young trees for acceleration of fruits bearing.
